The variability of the ORF2a, ORF2b, ORF3, and ORF4 genes of the equine arteritis virus (EAV) was analysed during a seven year observation of persistent infection in a stallion of the Malopolska breed. A total of 11 semen samples were collected between 2004 and 2011. RNA of EAV isolates obtained from the semen of the stallion was amplified, sequenced, and compared with the sequences of other strains available in GenBank. Multiple nucleotide substitutions were found in sequences of the analysed regions, however, neither deletion nor insertions were detected. The highest number of point mutations (11-6 synonymous and 5 non-synonymous) were found in the ORF2b gene, and the lowest number of substitutions (6-5 synonymous and one non-synonymous) were found in the ORF2a gene. None of the identified mutations affected any of the glycosylation or phosphorylation sites of the minor EAV protein. Phylogenetic analysis of the ORF3 gene of EAV isolates showed that they grouped together within the cluster of European strains of EAV. Additionally, the ORF3 gene sequences of the isolates showed high (86.4% -98.3%) similarity to the previously isolated Polish EAV strains.
Introduction
Equine arteritis virus (EAV) is the causative agent of equine viral arteritis (EVA), a respiratory and reproductive disease of horses and other equids that occurs in many countries throughout the world (2) .
The virus belongs to the Arteriviridae family in the Nidovirales order. The viral genome consists of a single stranded, positive-sense RNA of approximately 12.7 kb in length which includes 10 known open reading frames (ORFs). The 2 most 5'-proximal ORFs (1a and 1b) occupy approximately three-quarters of the genome and encode 2 replicase polyproteins. The remaining 3' quarter contains eight ORFs which encode 8 structural proteins: E (envelope protein), GP2 (glycoprotein 2), GP3 (glycoprotein 3), GP4 (glycoprotein 4), 5a, GP5 (glycoprotein 5), M (matrix protein), and N (nucleocapsid protein) (8, 10, 22) .
Exposure to EAV most frequently results in a mild or subclinical infection but certain strains of the virus can cause outbreaks of EVA characterised by an influenza-like illness in adult horses, abortion in pregnant mares, interstitial pneumonia in young foals, and death in newborn foals (14) . Most infected horses recover without complications but 10% to 70% of stallions can subsequently become carriers and constantly shed the virus in their semen through several weeks, months, or years (21) . Persistently infected stallions are the main reservoir of the virus in equine populations. EAV remains in the reproductive tract of those stallions and is easily transmitted to susceptible mares (16) . A previous study showed that in persistently infected stallions, molecular evolution of the virus occurs faster than during the EAV epizootics (12) . The majority of studies on the genetic variation of EAV have focused on the genes encoding major structural proteins of the virus (6, 17) including GP5 -a protein crucial for the pathogenesis and neutralisation properties of the virus. In the current study, genetic changes of ORFs encoding minor structural proteins of EAV are analysed for the first time in Poland. Current knowledge on the functional importance of these proteins is limited; however the results of recent studies suggest that they may be crucial for the virus' attachment, fusion and entry to the host cells (19, 20) , as well as for the establishment of persistent infection (7) .
The aim of the study was to describe genetic changes in the minor protein genes of EAV isolates during persistent infection in the shedder stallion. (25) .
Material and Methods
Sequencing of EAV isolates from the shedder stallion was performed using the Applied Biosystems BigDye Terminator v3.1 kit (Life Technologies, USA) by Genomed (Poland). The nucleotide sequences reported in this study were submitted to GenBank under the accession numbers JX984449 -JX984459. Similarly, nucleotide sequences of the previously isolated Polish strains of EAV were sequenced using the same method and were submitted to GenBank under accession numbers KF974351 -KF974355.
A phylogenetic tree based on ORF3 gene sequences of the Polish isolates and selected strains from GenBank (Table 1) was constructed using the neighbour-joining method with MEGA 5.05 software. 
Results
Genetic analyses of EAV isolates present in the semen of the carrier stallion revealed nucleotide changes in all analysed genes. In the ORF2a gene, 6 point mutations were found: 5 synonymous (nt 33, 60, 99, 102, and 168) and one non-synonymous (nt 46) ( Table 2) , which resulted in change of Val to Ile (Table  3 ). The degree of nucleotide sequence identity between EAV isolates ranged from 97.54% to 100%, whereas the degree of amino acid identity was 98.47% to 100%.
In the ORF2b gene, 11 substitutions were identified: 6 synonymous (nt 132, 159, 208, 327, 510, and 603) and 5 non-synonymous (nt 26, 29, 95, 194 , and 587) ( Table 2 ). The resulting amino acid changes are shown in Table 3 . The degree of similarity among the EAV isolates ranged from 98.83% to 100% at the nucleotide sequence and from 98.66% to 100% at the amino acid sequence.
In the ORF3 sequence, 8 substitutions were found: 4 synonymous (nt 105, 238, 259, and 403) and 4 nonsynonymous (nt 28, 121, 335, and 487) ( Table 2 ). The resulting amino acid changes are shown in Table 3 . The degrees of nucleotide and amino acid identity among the analysed isolates were 98.96% to 100% and 98.11% to 100% respectively. The degree of nucleotide sequence identity of ORF3 between EAV isolates from the carrier stallion and previously isolated strains ranged from 86.4% to 98.3%.
Seven point mutations were identified in the ORF4 gene: 6 synonymous (nt 9, 93, 99, 147, 195, and 384) and one non-synonymous (nt 143) ( Table 2 ). The resulting amino acid change is shown in Table 3 . The degrees of nucleotide and amino acid sequence identity among the analysed isolates were 98.67% to 100% and 99.34% to 100% respectively. 
Discussion
Proteins encoded by ORFs 2a, 2b, 3, and 4 are present in virus particles in relatively low quantities compared to the major GP5, M, and N proteins. Nevertheless, their presence is essential for the production of infectious viral particles (24) . It means that any changes in the amino acid sequences of the minor glycoproteins could have a significant impact on the properties of the virus. Although during the first two weeks after infection EAV remains stable, some authors have reported that in cases of prolonged viraemia or persistent infection multiple changes could appear in the genome of the virus (12, 15, 16) .
Envelope protein E is a small, unglycosylated hydrophobic protein necessary for the correct assembly of the EAV virion (23) . It was previously demonstrated (4) that ORF2a, encoding protein E, was one of the most conserved genes during persistent infection with only 3 synonymous substitutions found in the course of a 5-year observation. In our study, the stability of this gene seemed to be lower because 6 substitutions were identified in viral RNA sequences including one nonsynonymous which caused an amino acid change from Val to Ile (11/2005, 03/2006, 11/2009 , 02/2010, and 04/2010). However, due to its location outside of the important central hydrophobic region of E protein, it seems that this mutation has little effect on the infectivity of the virus (18) .
GP2 protein is a minor glycoprotein encoded by the ORF2b gene. It has been described as an integral class I membrane protein that remains in strong association with other EAV minor glycoproteins (24) . As the formation of all multimeric forms of GP2 is highly dependent on the presence of 4 Cys residues at the N-terminal end of this protein, variability at these positions is limited. In our study, this characteristic of the GP2 protein was confirmed with all 4 Cys residues conserved during the whole 7-year observation period. However, over the same period, 3 out of 5 detected amino acid substitutions were found in the N-terminal signal region of GP2 and its vicinity (positions 9, 10, and 32). This region has been previously described as one of 4 variable regions of GP2 (13) (region 1 aa 1-33, region 2 aa 91-92, region 3 aa 123-131, and region 4 aa 161-227). Out of all the amino acid substitutions which were detected in the Polish isolates, only one, at position 65, was outside of the variable regions (Table  3 ) and none of them affected the glycosylation position at amino acid 155 (9) . Additionally, there were no amino acid changes in the region spanning positions 178 to 191, which confirms that structural restrictions are present in this part of the GP2 protein that prevent any stable non-synonymous changes (12) . Although the total number of non-synonymous substitutions in ORF2b was the highest among the analysed genes, it should be noted that only one of them at position 196 was stable, since it remained so for over 18 months where others did not (isolates: 11/2009 to 06/2011).
ORF3 encoding GP3 protein was regarded as the most variable during persistent infection (4, 12) . One of the previous studies (4) has described 5 synonymous and 8 non-synonymous changes giving 97.4% homogeneity in the nucleotide sequence and 96.9% in the amino acid sequence of EAV isolates acquired from the persistently infected stallion in the 5-year observation period. Even higher variability was observed in French isolates (16) within the 7 years of persistent infection. Apart from multiple nonsynonymous substitutions, a 12 nt long insertion was detected. Although in our study the ORF3 gene was more stable, it remained the most variable of the minor protein genes, with half of the nucleotide substitutions resulting in amino acid changes. In ORF3, 2 highly variable regions were identified -one in the N-terminal part of the protein and another in the central region (1, 12, 16) . The importance of these fragments for the variability of GP3 was confirmed by the fact that 3 out of 4 amino acid substitutions (in aa 10, 41, and 112) were detected within the boundaries of the variable regions, spanning amino acids 3-41 and 98-121 (Table  2) (1). The presence of only one substitution in the C-terminal end of the GP3 (aa position 163) seems to confirm that structural constraints make any stable changes in this part of the protein rare (13) . The low adaptive importance of the observed changes was confirmed by the fact that all 6 potential glycosylation sites of GP3 (positions 28, 29, 49, 96, 106, and 118) (12) remained unchanged and no additional one appeared during the persistence period.
ORF4 encoding GP4 minor glycoprotein remained stable in the course of persistent infection. All 4 potential glycosylation sites of the protein at positions: 33, 55, 65, and 90 remained unchanged and the only substitution was detected at amino acid position 48. This position is a part of the ectodomain of the GP4 protein and was previously described as a variable (3). As GP4 is one of the proteins important for the determination of viral tropism, stable substitution of this nature on the exposed part of this protein could be the result of adaptive pressure (11) .
As was shown in our previous study (17) , all EAV isolates from the infected stallion created a group clearly separated from the other strains (Fig. 1) . This confirms that the variability of EAV observed in the study was not a result of superinfection of the stallion with a different strain but appeared during the course of persistent infection. Unexpectedly, the closest relation to our isolates was observed not in the PLK02/8 strain from the same geographical region but in the PLS01/1 strain originating from north-western Poland. This proves that under favourable conditions EAV may easily spread between horse studs, resulting in its relative genetic homogeneity in Poland. In summary, multiple substitutions were detected in the minor envelope proteins of the EAV strain found in a persistently infected Polish stallion during a 7-year period. Most of them were limited to variable regions of the analysed genes and no changes in glycosylation patterns were observed. Amino acid positions, critical for the multimerisation and functionality of the minor envelope proteins, also remained stable. Phylogenetic analysis of ORF3 gene showed a similar pattern of distinctive clustering of isolates from persistently infected stallions to the one observed during the ORF5 analysis.
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